The lateral crural overlay technique is a powerful technique for altering nasal tip projection and rotation. By overlapping and thus shortening the lateral crura, the nasal tip is shortened and rotated upward, thus decreasing projection and increasing rotation. There is no data to show the association of this technique with the strength of the lower lateral cartilage. Strengthening of the lower lateral cartilages would presumably lead to resistance to external nasal valve collapse and improved airway.
A esthetic surgery of the nasal tip is a complex art in which the facial plastic surgeon makes alterations that can affect both the form and function of the nose. Facial plastic surgeons are often challenged to reduce the size of a large nose while simultaneously improving the function of the nasal valves. The lateral crural overlay technique is a powerful technique for altering nasal tip projection and rotation. By overlapping and thus shortening the lateral crura, the nasal tip is shortened and rotated upward, thus decreasing projection and increasing rotation. 1 However, what is the result of this maneuver on nasal resilience, and specifically on the resistance of the external valve region to collapse? Recent literature showing objective changes in nasal strength following rhinoplasty is limited to only a few studies that focused on postsurgical changes in nasal tip strength in either cadavers or in vivo.
2-4 Specifically, we found no reports in the literature on the effect of the lateral crural overlay technique on the strength of the lower lateral cartilages.
In the original description of the lateral crural overlay procedure by Kridel et al, 5 they comment that the reconstructive technique used in lateral crural overlay minimizes the risk of inspiratory nasal valve collapse. We know, based on Anderson's tripod theory of nasal tip support, 6 that the paired medial crura and the individual lateral crura are crucial to nasal tip support. Alterations or weaknesses in any 1 of these 3 limbs can lead to substantial changes in or impairment of tip support and projection. The lateral crural overlay takes advantage of this phenomenon by altering the lateral crura to change projection and nasal rotation but without compromising tip support. However, it is unclear how this affects the resilience of the cartilage. For our purposes, cartilage resilience is defined as its ability to resist collapse. In this study, we performed the lateral crural overlay technique on cadaver lower lateral cartilages and examined then measured the postoperative strength and resilience of the lateral crura. We believed, based on surgical experience, that the lateral crura of the lower lateral cartilages are indeed strengthened by performing the lateral crural overlay technique. We hypothesized that lower lateral crural overlay increases lateral crural strength and leads to increased resistance to alar collapse (improved external valve function) and hence improves the nasal airway when compared with unaltered lower lateral cartilages.
Methods
Institutional review board (IRB) approval was waived by the Boston University Medical Campus IRB for this cadaver study because it was not performed on live human participants. Six cadaver noses were resected, each as a unit, that is with the skinsoft-tissue envelope, septum, nasal bones, and upper and lower lateral nasal cartilages still attached. The cadavers had been embalmed with Cornell Embalming Solution, supplied to Boston University by the Hydrol Chemical Company. They had been perfused with a moderate rate of flow (16-18 oz/min) and a moderately high pressure (36-42 psi). Each nose had been previously bisected in the midline, and the septum was attached to the upper lateral cartilages on 1 of the 2 sides. The lower lateral cartilages were then isolated from each of the 6 noses by dissecting the skin-soft-tissue envelope off of them in a subperichondrial plane. A total of 7 individual lower lateral cartilages were intact following the dissection and were included in this study. The other 5 had been damaged from previous dissections of the cadavers and could not be used. The intact cartilages did not appear to have prior surgical manipulation.
A Mark-10 M3-2 Series M3 Digital Force Gauge with a capacity of 10 newtons (N) and an accuracy of ±0.3% ( Figure 1A ) was mounted on a Mark-10 ES10 Manual Test Stand ( Figure 1B ). The force gauge was fitted with a blunt chisel tip. A ruler was affixed perpendicular to the base of the test stand, and a witness mark was made on the mobile unit of the test stand to track the displacement of the nasal cartilages in millimeters (mm). An adjustable apparatus was built to hold the nasal cartilages in place on the test stand. The apparatus was constructed of 2 plywood blocks with binder clips fastened on each one (Figure 1 ).
For the first round of data collection the cartilages were set up with the medial crura supported by 1 binder clip, and the lateral crura supported by the other. The clips were affixed so as to minimize the amount of cartilage secured within each binder clip. The force gauge was placed as close as possible to the lateral crura without exerting any displacement force, at which point the force gauge was zeroed. The chisel tip on the force gauge was centered in the midpoint of the lateral crural cartilage for the preprocedure (preP) cartilages and directly over the overlapped edges in the postprocedure (postP) and postprocedure with cyanoacrylate glue (postPG) cartilages. Force was gradually exerted on the cartilage and the peak forces necessary for displacements of 1, 2, 3, 4, 5, and 6 mm were measured in newtons and recorded.
The lateral crural overlay technique was then performed on each of the 7 cartilages in the following manner: 1 cut was made in the lateral crural cartilage 8 mm lateral to the point where it transitions into the medial crural cartilage at the dome of the lower lateral cartilage. The detached piece of lateral crural cartilage was overlapped by 5 mm with the medial aspect of the lateral crural cartilage and secured using at least two 5-0 polydioxanone (PDS; Ethicon Inc) horizontal mattress sutures ( Figure 2 and Video 1). This technique used by the senior author (J.H.S.) is somewhat different from the original de-
Key Points
Question Does the lateral crural overlay technique increase the strength of the lower lateral cartilage?
Findings In this study, the strength of 7 cadaveric lower lateral cartilages were measured with a force gauge prior to the lateral crural overlay procedure (preprocedure), after the procedure (postprocedure), and after the procedure with simulated fibrosis (postprocedure with glue). There was a statistically significant increase in lower lateral cartilage strength in the postprocedure with glue group compared with the other 2 groups at nearly all distances of deflection.
Meaning
The lateral crural overlay technique strengthens the lower lateral cartilages and could thus prevent external nasal valve collapse.
Lateral Crural Overlay Technique and Strength of Lower Lateral Cartilages
Original scription by Kridel et al, 5 who recommended dividing the lateral crural cartilage at least 10 mm lateral to the dome. For the second round of data collection the postP cartilages were secured in the test apparatus using the same setup as for the unaltered cartilages, and the same technique was used to measure and record the forces necessary to displace the postP cartilages by 1, 2, 3, 4, 5, and 6 mm (Video 2). The cyanoacrylate glue, Scotch Liquid Super Glue (3M), then was applied along each of the overlapped edges on the lateral and medial surfaces of all 7 lateral crural cartilages, sequentially, to simulate natural fibrosis that would occur in normal postoperative healing. The glue was left to dry until it was firm and no longer tacky. The cartilages, 1 at a time, were again secured in the test apparatus in the previous manner, and the forces necessary to displace the cartilage 1, 2, 3, 4, 5, and 6 mm were measured and recorded using the same technique as in the first and second rounds of measurements.
Statistical Analysis
The mean force (N) required to deflect the nasal tip 1, 2, 3, 4, 5, and 6 mm with the medial crura removed is reported as mean (SD). To determine whether there was a baseline difference in strength of the cartilages used, we determined the line of best fit for each line and compared the beta value for each line. The line of best fit is described as y = ax + b where a is the slope of the line of best fit, and b is the y-intercept. We also provide the uncertainty values for the slope and y-intercept, which are described as delta a and delta b, respectively. A comparison of the force required to deflect the nasal tip before lateral crural overlay (preP) is compared with the amount of force required to deflect the tip after lateral crural overlay without glue (postP) and then after application of the glue (postPG) using analysis of variance. To find differences between the 3 specific groups, the Tukey post hoc test was used, which is reported as P values. Significance was determined at an alpha level of .05.
Results
Analysis of the baseline strength of the cartilage based on the slope (a) of the line describing the force required to deflect the nasal tip by 1-mm increments indicated that the cartilages differed in strength at baseline (a 1 = 0.6214; a 2 = 0.0337; a 3 = 0.2934; a 4 = 0.05; a 5 = 0.114; a 6 = 0.4086; and a 7 = 0.0414) ( Table 1 and Figure 3) .
We found a significant difference in the force required to deflect the lateral crura when comparing the preP, postP, and postPG groups, at all 6 distances: 1 mm, 0.20 vs 0.24 vs 0.70 N (P < .001); 2 mm, 0.26 vs 0.34 vs 1.13 N (P < .001); 3 mm, 0.31 vs 0.51 vs 1.53 N (P < .001); 4 mm, 0.41 vs 0.77 vs 2.05 N (P < .001); 5 mm, 0.68 vs 1.32 vs 2.60 N (P < .001); and 6 mm, 1.49 vs 2.33 vs 3.26 N (P = .03). We found that the mean (SD) force required to deflect the lateral crura 1 mm in the preP group was 0.20 (0.16) N, which was significantly less than the mean (SD) force required to deflect the cartilage in the postPG group, which was 0.70 (0.22) N (95% CI, 0.27-0.73 N; P < .001). However, there was no significant difference between the preP and postP groups in force required to deflect the lateral crura 1 mm (mean [SD] difference of 0.24 [0.10] N; 95% CI, −0.27 to 0.19; P = .92).
Similarly, as detailed in Table 2 , there was a significant difference between the preP and postPG groups in the force required to deflect the lateral crura from 2 to 6 mm. However, there was no significant difference between the preP and postP groups in force required to deflect the lateral crura from 2 6 mm (Table 2 ). Comparing the postP and postPG groups, we found that there was a significantly greater strength of cartilage in the postPG group at all distances except 6 mm ( Table 2 ). Figure 4 is a histogram showing the comparison of forces among the preP, postP, and postPG groups based on the data reported in Table 2 .
Discussion
Accurate and reliable positioning of the nasal tip is one of the most difficult aspects of performing a rhinoplasty. The lateral tients who underwent open rhinoplasty. They measured nasal resilience at multiple anatomic sites on the nose including the ala by exerting external force on these areas. Nasal resilience was determined by applying force to the nasal tip and then using a mathematical formula based on the data points obtained to determine the resilience measured as force in grams over distance in millimeters. Two of the 6 patients underwent alar replacement grafts and exhibited increased resilience of the ala postoperatively. Interestingly, in the remaining 4 patients who underwent open rhinoplasty without alar reinforcement procedures, 6 of the 8 alar measurements showed increase in alar resilience. The researchers concluded that the lateral crura likely provide insufficient structural stiffness to the nasal valve. The procedures used to strengthen the caudal end of the septum strengthened the entire nasal tripod by increasing the strength of 1 of the 3 legs of the tripod based on Anderson's tip support theory 6 and thus led to increased alar resilience. The researchers also note that fibrosis and scarring may also play a role in increased alar resilience. 3 In the present study, we attempted to simulate this fibrosis that occurs after healing of cartilage maneuvers with the use of cyanoacrylate glue on cadaveric cartilages. The idea of using cadavers to assess the effects of rhinoplasty maneuvers on the strength of nasal support mechanisms is not new. Willson et al 4 in 2015 looked at the compression force necessary to displace the nasal tip after certain rhinoplasty techniques were performed. The difference between that study and the present one is that the procedures in the earlier study were performed on the cadavers in situ, and the incisions were closed before the forces were tested. This tests not just the effect of the individual techniques, but all of the structures that contribute to nasal tip support. Willson et al showed that the strength of the nasal tip increased significantly with the placement of a caudal extension graft but not with a columellar strut graft or with intradomal sutures. Their study, however, was limited by the inability to simulate the effects of healing and fibrosis on the strength of the nasal tip with these maneuvers.
In the present study of 7 cadaveric lower lateral cartilages, we found there to be a statistically significant difference between the preP and the postPG groups in the amount of force required to deflect the lower lateral cartilages at all distances from 1 to 6 mm. We also found a statistically significant difference between the postP and postPG specimens in the amount of force required to deflect the cartilages 1 to 5 mm but not 6 mm. It may be that at 6 mm, the deflection was so deforming to the cartilage that the integrity of the glue used to simulate fibrosis was compromised and therefore added no strengthening effect to the cartilage. We found no statistically significant difference between the preP and postP groups in amount of force required at any distance of deflection. However, there was a trend toward increased force required to deflect the nasal tip in the postP group compared with the preP group. The likely reason for lack of significance between the groups is the small number of specimens (n = 7). Our findings suggest that the lateral crural overlay procedure and subsequent healing and fibrosis that occur impart increased strength and resilience to the lateral crura of the lower lateral cartilage. The increased resilience of the lower lateral cartilage is a crucial element in preventing external nasal valve collapse.
Limitations
Our study has several limitations. The number of cartilages that could be used was limited to 7 based on the number of cadavers available. Our study was performed ex vivo on lower lateral cartilage using a simulated fibrosis technique using glue. In vivo, there are other support forces acting on the nasal tip and the lower lateral cartilage including the overlying skinsoft-tissue envelope and the surrounding cartilages, which help to further distribute and mitigate the forces of collapse on the external nasal valve. Cartilages 1, 2, and 6 had r values less than 0.9 for all groups, which suggests a nonlinear relationship, but the relationship between force and deflection is not a perfectly straight line for any of the cartilages, since a straight line would be described as r = 1. We believe that any r value of 0.7 or higher describes a strong positive linear relationship between force and deflection. Also, the strength and resilience of natural fibrosis and scarring may not be accurately represented in this simulation, since glue was used.
Another limitation is that in this study, the force applied to the lower lateral cartilage was uniaxial. In reality, the negative pressure generated by the inflow of air into the nasal cavity results in forces on the nasal valve in multiple locations and that are tangential to the nasal ala. Despite these limitations, the effectiveness of the lateral crural overlay technique was clearly demonstrated in our samples.
Conclusions
Future directions in evaluating the effect of the lateral crural overlay technique on nasal valve collapse could involve in vivo testing on patients preoperatively and postoperatively. Fourphase rhinometry has been used to evaluate the extent of external nasal valve collapse in patients. 7 A study by Maalouf et al 8 in 2016 suggests a new method using posterior rhinomanometry with a flow inspiratory and expiratory difference (FRIED) test to identify and quantify nasal valve collapse. These tests could prove useful in future studies to objectively measure the effect of the lateral crural overlay technique on nasal airflow. The lateral crural overlay is an excellent technique used in nasal surgery to adjust the projection and rotation of the nasal tip without compromising the structural integrity of the external nasal valve. We have shown that this technique affords increased strength and resilience to the lateral crura of the lower lateral cartilages, which should in turn decrease the likelihood of external nasal valve collapse postoperatively.
